We give a short presentation of two recent results. The first one is a rigorous proof of the Landauer-Büttiker formula, and the second one concerns resonant quantum transport. The detailed results are in [2]. In the last section we present the results of some numerical computations on a model system.
The Landauer-Büttiker Formula
We start by introducing the notation and the assumptions. The model used here describes a finite sample coupled to a finite number of leads. The leads may be finite or semi-infinite. We use a discrete model, i.e. the tight-binding approximation. The sample is modeled by a finite set Γ ⊂ Z 2 . Each lead is modeled by N = {0, 1, . . . , N} ⊆ N. The case N = N (N = +∞) is the semi-infinite lead. We assume that we have M ≥ 2 leads. The one-particle Hilbert space is then
(
The Hamiltonian is denoted by H. It is the sum of the following components. For the sample we can take any selfadjoint operator H S on 2 (Γ ). In each lead we take the discrete Laplacian with Dirichlet boundary conditions. The leads are numbered by α ∈ {1, 2, . . . , M}. Thus Functions in 2 (N ) are by convention extended to be zero at −1 and N + 1.
The parameter t L is the hopping integral. The coupling between the leads and the sample is described by the tunneling Hamiltonian
and H SL is the adjoint of H LS . Here |0 α denotes the first site on lead α, and |S α is the contact site on the sample. The parameter τ is the coupling constant. It is arbitrary in this section, but will be taken small in the next section. The total one-particle Hamiltonian is then
First we consider electronic transport through the system. Initially the leads are finite, all of length N , with N arbitrary. We work exclusively in the grand canonical ensemble. Thus our system is in contact with a reservoir of energy and particles. We study the linear response of a system of noninteracting Fermions at temperature T and with chemical potential µ. The system is subjected adiabatically to a perturbation, defined as follows.
Let χ η be a smooth switching function, i.e. 0 ≤ χ η (t) ≤ 2, χ η (t) = e ηt for t ≤ 0, while χ η (t) = 1 for t > 1. The time-dependent perturbation is then given by
Here I α (N ) = N nα=0 |n α n α | is the identity on the α-copy of 2 (N ). This perturbation models the adiabatic application of a constant voltage V α on lead α, which will generate a charge transfer between the leads via the sample.
We are interested in deriving the current response of the system due to the perturbation. In the grand canonical ensemble we need to look at the second quantized operators. We omit the details and state the result. The current at time t = 0 in lead α is given by
The g αβ (T, µ, η, N ) are the conductance coefficients [3] . It is clear from the above formula that we work in the linear response regime. Below we are going to take the limit N → ∞, followed by the limit η → 0. The limits have to be taken in this order, since the error term is in fact O(V 2 /η 2 ). The next step is to look at the transmittance, which is obtained from scattering theory, applied to the pair of operators (K, H 0 ), where H 0 = H L (N = +∞ case) and K = H 0 + H S + H T . Properly formulated this is done in the two space scattering framework, see [7] . Since the perturbation
